We investigated a community of syntopically occurring horseshoe bats (Rhinolophus hipposideros, R. euryale, R. ferrumequinum) in southern Slovakia. The faecal pellets of these bat species were collected in the field and later analysed under a dissecting microscope. The three species studied are known to be very similar as far as their ecology, echolocation and preferred habitats are concerned, but they diverge significantly in their body sizes. In this study, all three species fed predominantly on moths [59-80 percentage frequency (%f); 87-95 percentage volume (%vol)], but their diet compositions differed in the size of individuals consumed. The smallest bat species (R. hipposideros) fed only on the smallest moths (%f = 59; %vol = 87), the medium-sized species (R. euryale) mainly on medium-sized moths (%f = 60; %vol = 74) and the largest one (R. ferrumequinum) especially on the largest moths (%f = 54; %vol = 89). Despite similar preferred habitat and the main prey category, the rates of trophic niche overlap were surprisingly low. The trophic niche percentage overlap was 7-31% (computed from %f data) and 1-20% (computed from %vol data), respectively and suggests an extraordinary importance of mere divergences of bats in their body sizes for trophic niche partitioning and stable species coexistence.
Introduction
The stable coexistence of bat species within a community in the same habitat is possible only when they are distinguished in species-specific utilisation of limiting resources Siemers & Schnitzler 2004) . In such situations, as one of the most important rules in ecology, the principle of competitive exclusion is believed to play an essential role (Hardin 1960) . In bats, species are differentiated in a wide range of morphological and echolocation parameters, microhabitat preferences or in sensory access to prey (Norberg & Rayner 1987; Arlettaz 1999 Fenton & Bogdanowicz 2002; Siemers & Swift 2006; Safi & Siemers 2010) .
There are five rhinolophid bat species in Europe, which are distributed mostly in the Mediterranean region. However, Rhinolophus hipposideros (Borkhausen, 1797) and Rhinolophus ferrumequinum (Schreber, 1774) are also widely distributed outside the Mediterranean, and their distribution ranges cover parts of Central and Western Europe; Rhinolophus euryale Blasius, 1853 also partially reaches the south of Central Europe and occurs in regions with extensive karstic areas (MitchellJones et al. 1999; Dietz et al. 2009 ). In some regions, for example in southern Slovakia (Uhrin et al. 1996) , relatively abundant populations of the three species live in syntopy, and the question arises how they partition food resources.
Body size is known to be one of the main factors that directly influence the size of bats' prey (Freeman & Lemen 2007) . Among the studied horseshoe species, their body size is the most important difference (Dietz et al 2006) . The species slightly differ also in echolocation loudness (Schuchmann & Siemers 2010) and wing shape parameters. These features together with different body size are probably the reason why the large R. ferrumequinum avoids foraging in dense vegetation as compared to the small R. hipposideros (Dietz et al. 2006) . However, in general, these three species show very similar shape of their flying apparatuses (Norberg & Rayner 1987; Dietz et al. 2009 ), similar echolocation in a form of long CF signals and they are reported to forage rather in structured habitats, relatively close to vegetation especially in broad-leaved forests, meadows and along woodland c 2013 Institute of Zoology, Slovak Academy of Sciences edges (Bontadina et al. 2002; Goiti et al. 2003 Goiti et al. , 2008 Dietz et al. 2009; Flanders & Jones 2009 ).
Rhinolophus hipposideros is a small bat hunting close to vegetation, where it captures insects in flight and also picks prey directly from surfaces (Jones & Rayner 1989; Dietz et al. 2009 ). In Western Europe the species is found mainly in forests (Bontadina et al. 2002; Reiter 2004) , while in South-Eastern Europe it uses a broader habitat spectrum (Dietz et al. 2009 ). Nematocerans were found to be the main prey of R. hipposideros in Europe (McAney & Fairley 1989; Beck et al. 1989 , Beck 1995 . Rhinolophus euryale is a mediumsized bat hunting particularly in dense vegetation, flying along woodland edges, plunging into foliage or hunting from a perch Siemers & Ivanova 2004; Dietz et al. 2009 ). Some authors suppose deciduous forests to be its main foraging grounds (Russo et al. , 2005 Aihartza et al. 2003) , other regard hunting in interface habitats between woodland and open areas to be important (Goiti et al. 2008) . Rhinolophus euryale feeds especially on moths, followed by crane flies (Tipulidae), scarabaeid beetles and neuropterans (Koselj 2002; Goiti et al. 2004; Benda et al. 2006; Goiti et al. 2008; Whitaker & Karataş 2009; Benda et al. 2010) . Rhinolophus ferrumequinum is the largest European horseshoe bat aerially hawking in a slow flight close to vegetation, often low above the ground or at the height of 4-6 m over pastures searching for dung beetles. Perch hunting occurs frequently in R. ferrumequinum, especially in periods with lower prey density, or in the second half of the night (Jones & Rayner 1989; Dietz et al. 2009 ). The species forages mainly in deciduous woodlands, permanent meadows and grazed pastures (Bontadina et al. 1997; Flanders & Jones 2009) , and the main prey categories in its European range are moths, beetles, dipterans and hymenopterans (Jones 1990; Beck 1995; Flanders & Jones 2009 ).
Variation in the diets of the species studied across the different regions and seasons recorded in the aforementioned studies show the flexibility of these bat species. The variation in the diet also suggests that it is vital to study the ecology of syntopically coexisting populations if we want to identify trophic niche overlaps and understand resource partitioning and competition levels. This paper focuses on the trophic niches of the particular horseshoe bats and differences in their diets. The main aim of the paper is to show a mechanism of niche differentiation in the three species living in syntopy. As they are quite similar in their general ecology, echolocation and habitat preference, but differ significantly in body size (Csorba et al. 2003) , the divergence in diet composition will enable the assessment of the importance of body sizes in trophic niche partitioning.
Material and methods
The study was conducted at the Líščia diera cave and Čer-tova diera cave (48
• 28 51 N, 20
• 27 40 E, 370 m a.s.l.) in SE Slovakia. These two caves are situated in the southwestern part of the Silická planina plateau several dozen meters from each other. The caves are a part of the DomicaBaradla cave system in the Hungarian-Slovak borderlands. Oak-hornbeam forests are the most widespread habitat in their vicinity (5 km). Fields, pastures, scrublands and dry grasslands are less represented. Some smaller water bodies and creeks with riparian vegetation and several villages are also present in the area.
The bats were netted at the cave entrances within three days (17-19 August 1995) . They were identified and sexed, their forearm length was taken with the use of mechanical calliper (accuracy 0.1 mm), their weight using vertical spring balances (accuracy 0.25 g), and were placed individually into numbered cloth sacks. They were released after several hours and the faecal samples from the sacks were collected for later analysis. We collected 241 pellets from 17 individuals of R. hipposideros, 103 pellets from 33 individuals of R. euryale and 320 pellets from 22 individuals of R. ferrumequinum. Faecal samples from the individual bats were placed in labelled microtubes which were refilled with 70% ethanol.
In the laboratory, droppings were softened by water in a Petri dish and then were teased apart with a dissecting needle and a pair of tweezers under a binocular microscope (10-50× magnification). Prey categories were identified using comparative slides, methodological works (e.g., Shiel et al. 1997) , entomological keys, and a reference collection of insects. Moths were divided into three size categories according to the size of the remnants (frenulum, antennae, leg fragments, etc.) in the faeces and according to their wingspan as follows: smaller moths <25 mm, medium-sized 25-40 mm, larger >40 mm.
To express the results of diet analyses, we used the formula suggested by Andreas et al. (2012) for percentage frequency (%f). The percentage frequency (%f) of a particular prey category was expressed as the number of occurrences of the category, divided by total occurrences for all categories, multiplied by 100. This is a modified formula proposed by Shiel et al. (1997) , where the unit used in the analysis was not one bat dropping, but the sample of faecal pellets collected from one bat individual. Percentage volume (%vol) was assessed according to Obrtel & Holišová (1974) and expressed as the sum of all relative volumes of a particular prey category in individual faecal samples in the studied set of faecal samples divided by the number of faecal samples in the analysed set of samples. Percentage frequency indicates the relative importance of the particular prey categories according to the frequencies in which they were consumed. Percentage volume describes the proportion of the volume represented by each particular prey category in the set of faecal samples analysed.
The difference between two proportions was tested to assess the difference between the two compared percentage frequencies. The difference between two means was used to calculate the significance level between mean values of body weight and forearm length. The tests were performed using STATISTICA for Windows (Basic statistics/difference tests/difference between two proportions and difference between two means)
Trophic niche overlap was computed as a percentage overlap (P jk ) according to Krebs (1999) .
Percentage overlap of trophic niches was computed using Programs For Ecological Methodology, 2 nd ed., c Charles J. Krebs, 2008, version 6.1.4. Niche breadth (B) was measured according to Levins (1968) . 
Results

Diet composition
The diets of all three species were dominated by Lepidoptera. In the case of R. hipposideros, this prey category was supplemented with Neuroptera (Hemerobiidae) (%f = 13.8; %vol = 1.5), nematoceran (%f = 20.7; %vol = 10.0) and brachyceran (%f = 6.9; %vol = 1.2) Diptera. Similarly, the diet of R. euryale contained Neuroptera (Hemerobiidae) (%f = 2.2; %vol = 0.3), nematoceran Diptera (%f = 13.3; %vol = 9.1) and Trichoptera (%f = 6.7; %vol = 3.6). The samples of droppings of R. ferrumequinum comprised also Coleoptera (%f = 19.5; %vol = 4.82), represented by Scarabaeidae, Elateridae and Curculionoidea.
The most significant differences in diet composition were recorded in the representation of particular body size categories of moths (Figs 1, 2) . The medium-sized and larger individuals were completely absent from the diet of the smallest bat species R. hipposideros. The smallest size category of moths was represented in the diet of the largest R. ferrumequinum quite rarely and its volume was negligible. The medium-sized R. euryale was in an intermediate position between the other two species. Faecal samples collected from more than 20% of captured R. euryale bats contained some remnants of smaller moths and one sample contained remains of a larger one. However, the diet was mostly composed of medium-sized moths.
The fact that the most important differences in diet are the size categories of moths is visible in Fig. 1 . Interspecific differences in the proportion of other prey categories are not significant in most of the cases. Some of the differences in representation of the particular moth size categories are also non-significant; however, these are related only to the cases where the particular size category is only marginally consumed by the given species (e.g., large Lepidoptera in the diet of R. hipposideros and R. euryale). On the other hand, where the given moth size category makes up an important part of the bat's diet (small Lepidoptera in the diet of R. hipposideros, medium ones in the diet of R. euryale and large ones in the diet of R. ferrumequinum), its representation is always significantly different when compared to its representation in the diets of the other two species.
Trophic niche overlap and niche breadth Trophic niche breadths expressed as the Levins' niche breadth index B are quite similar in all three species: B (R. hipposideros) = 2.44; B (R. euryale) = 2.45; B (R. ferrumequinum) = 2.71. Generally, the recorded values of the Levins' trophic niche breadth index are low. Trophic niche overlap (P jk ) among the studied species is considerably low (Table 1) . Resource partitioning and low values of overlap are even more obvious when the calculation is based not on frequency data but on volume data.
Discussion
This study describes diet composition of three syntopic bat species and demonstrates the importance of their different body sizes in trophic niche partitioning in a season when they fed predominantly on Lepidoptera, which is their frequently consumed prey category. The recorded diet composition of R. hipposideros does not fully correspond with other studies, for example, in other parts of Europe nematoceran Diptera usually prevail and Lepidoptera are only the second most important prey category (McAney & Fairley 1989; Beck et al. 1989; Beck 1995) . Our results are nearest to the diet composition of a colony in Bavaria (Weiner & Zahn 2000) , where "almost each pellet included scales of Lepidoptera (94%)". Also diet analyses from the Middle East showed a predominance of Lepidoptera (Feldman et al. 2000; Whitaker & Karataş 2009 ). Benda et al. (2008) suggested intensive feeding on swarming ants in the Sinai, while Auchenorrhyncha (74% volume) were found to prevail over Lepidoptera (26% volume) in the diet composition of two individuals collected in Jordan (Benda et al. 2010) .
The composition of the diet of R. euryale having a high proportion of Lepidoptera agrees well with the results of previous studies. A majority of moths in the diet was also observed in southern Europe and the Middle East (Koselj 2002; Goiti et al. 2004 Goiti et al. , 2008 Benda et al. 2006 Benda et al. , 2010 Whitaker & Karataş 2009) , and R. euryale seems to be a moth eating specialist.
The recorded diet composition of R. ferrumequinum corresponds with the results of several previous studies that recorded Lepidoptera to be the most important diet item followed by Coleoptera (Jones 1990; Beck 1995; Whitaker & Karataş 2009; Benda et al. 2010) . Nevertheless, proportions of these items vary, probably depending on the season and current food availability, and predominance of Coleoptera over Lepidoptera was also recorded (Flanders & Jones 2009 ).
Our results suggest a lower ability of R. hipposideros to feed on larger moths. On the other hand, it is probably more profitable for R. ferrumequinum to select larger species of moths (e.g., Jones 1990) . Besides moths, other prey categories in our samples indicate differences in hunting capability of the species studied. Nematocerans and lacewings (softer and smaller prey categories) are included in the diet of the small R. hipposideros, whereas the diet of the large R. ferrumequinum contains larger and harder beetles. After all, extensive feeding of R. hipposideros on nematocerans is well documented in Europe (McAney & Fairley 1989; Beck et al. 1989; Beck 1995) , similarly as important existence of beetles in the diet of R. ferrumequinum (Flanders & Jones 2009 ).
The differences recorded in the diets of the species studied most probably originate from the differences in their body size and with body size closely related issues like biting strength and food handling abilities. The fact that larger species of bats feed on larger prey is expected and has been previously recorded (Freeman & Lemen 2007) . Nevertheless, a study of a syntopic community of different-sized bats, that otherwise are very similar in other qualities, could demonstrate how important body size is as a factor enabling trophic niche partitioning and the coexistence of different species. Our investigation indicates that a roughly twofold increase of body weight reduces the levels of trophic niche overlaps to some 20-30% in the case of the group of rhinolophid bats studied. The larger body size in R. ferrumequinum also probably enables this species to feed on a broader spectrum of prey, which is indicated by higher values of the Levins' trophic niche breadth index. Different peak echolocation frequencies may also be a factor contributing to trophic niche partitioning among the studied species. It may cause differently sensitive perception of particular prey size categories (e.g., Safi & Siemers 2010) .
The question may arise whether the recorded levels of the trophic niche overlap are not also a consequence of different habitat preferences (cf. e.g., M. myotis vs M. blythii in Arlettaz 1999), which were not studied within this study. However, previous papers (e. g., Bontadina et al. 2002; Aihartza et al. 2003; Dietz et al. 2009; Flanders & Jones 2009 ) do not indicate significant differences in habitat preferences of the species studied.
Diet compositions and niche overlap parameters can naturally vary throughout the season. There is an abundance peak of smaller moths within the summer season (Sierro & Arlettaz 1997; Andreas et al. 2012) , and therefore this prey category is frequently recorded in the diet of R. hipposideros, which in many cases feeds heavily on nematocerans (e.g., McAney & Fairley 1989; Beck et al. 1989; Beck 1995) . Nevertheless, a significant shift in diet composition from nematocerans to small moths at the time of their high summer abundance was also observed in other bat species, e.g., in Myotis brandtii (Eversmann, 1845) and Myotis mystacinus (Kuhl, 1718) (Andreas 2002). A significant proportion of beetles in the diet of R. ferrumequinum within the period of high abundance of scarabaeid beetles is to be expected (e.g., Flanders & Jones 2009 ). Therefore, the sample collected only represents the situation in a certain time period. Taking into consideration the fact that the recorded period is the time when all three species studied fed almost entirely on the same prey (moths), the material collected represents a very good opportunity to compare their trophic niches and foraging abilities. As a result, we can compare the consumed prey categories only according to their size, without other factors, such as prey hardness, confounding the data.
